INTRODUCTION
Ward Cunningham cited technical debt (TD) for the first time in 1992 as: "shipping first time code is like going into debt. A little debt speeds development so long as it is paid back promptly with a rewrite. The danger occurs when the debt is not repaid. Every minute spent on not-quite-right code counts as interest on that debt." [5] . Since then, the concept, that originally had its scope limited to source code issues, has been expanded and considered in different stages of a software development project [1] [2] .
Currently, it is common to see subjective opinions, personal points of view and catch phrases about TD in blogs and websites. All this attention-grabbing information has raised concerns, since it was not evaluated before it was published and reflects only the opinions and experience of the authors. This scenario characterized by different and contradictory opinions, but without any evaluation, could led to the emergence of TD Folklore [12] . The term folklore corresponds to traditional stories, beliefs and customs of a group of people. TD Folklore needs to be investigated, because it mays contain valuable information about experiences that could contribute significantly to the study of the area. Thus, it can help researchers formulate theories and hypotheses, and identify gaps to direct new research efforts.
In this context, Spínola et al. [12] conducted searches on the Internet looking for TD folklore statements. The search was performed on online websites, blogs, and published papers. As result, the authors selected a list of 14 potential TD folklore statements. After, the authors performed a survey with the purpose of answering the following research questions: (RQ1) Agreement: With which folklore statements did participants agree or disagree? (RQ2) Consensus: How strong is the consensus on each of the folklore statements?
The rationale behind these questions was that if any folklore is either widely agreed to or disagreed with by a large group of people, then those propositions are more likely to be good candidates for future research. On the contrary, mixed responses can indicate that a TD Folklore item is not commonly believed, depends on many factors, or that the statement itself is not yet formulated as precisely as needed.
The results initially presented gave us interesting insights on the subject. From then, we extend the work of Spínola et al. [12] by replicating their study 1 . In this paper, we present this replication, which has two main objectives: i) to mitigate http://dx.doi.org/10.18293/SEKE2018-014 limitations of the previous study and; ii) to expand the knowledge on the topic. We address these points as follows. First, the main limitation of the previous study presented by Spínola et al. [12] is related to the number of participants. In this replication, we expand the population of the study from 37 to 107 (70 new participants). Second, the insights of the previous survey indicated that we need to investigate how the developers' experience impacts on TD Folklore statements. Then, in this replication, we also revisited the original research questions including the following new question: (RQ3) Behavior: Do participants with and without software development experience have the same perception on TD folklore statements?
By answering RQ3, we intend to collect evidence that could provide some support for a known claim in the TD area: one of the advantages of the TD concept is that it has a common understanding in the software development community. We want to analyze this claim by investigating if the lack of industry experience affects the perception of software engineers about TD folklore items.
As a result of this replication, we highlight that the agreement and consensus analysis (RQ1 and RQ2) reinforce previous findings reported by Spínola et al. [12] . We also found that the participants' experience (RQ3) does not affect their agreement with the TD folklore statements, for the most cases. This builds evidence on the idea that TD concept has a common understanding among developers and represents a simple metaphor to discuss software development problems.
The contribution of this paper is twofold. First, we reevaluated and reorganized the TD Folklore list by rank of agreement and consensus. We also complemented this analysis by investigating if experience on software development activities influences the perception of participants about each TD folklore statement. Second, this replicated study will help us in understanding what participants have said about TD and what folklore seems to make sense and constitute good candidates for more detailed investigation.
In addition to this introduction, this paper has other five sections. Section 2 presents a background on the area. Then, in Section 3, the TD Folklore's survey will be presented. Section 4 discusses the results of this replication. Next, Section 5 presents some threats to validity of this study. Finally, Section 6 presents the final remarks of this work.
II. BACKGROUND
Different surveys have been conducted in the TD area. Klinger et al. [9] interviewed four experienced software architects to investigate how decisions on incurring debt are taken within a company and what is the extent of the consequences of those decisions. They concluded that often the decision to incur debt is not direct action of the architects, but a consequence of activities carried out by people that do not perform technical activities in the project.
In another study, Lim et al. [10] characterized how software professionals perceive and understand the context in which TD occurs. After interviewing 37 professionals, they concluded that to deal with the balance related to TD, professionals must make this debt explicit, communicate their costs and benefits to all stakeholders and manage it making its presence healthy for the project.
Snipes et al. [11] conducted an interview with the change management committee regarding the defect debt management. As a result, they indicated that the highest cost of this type of debt was related to their identification and validation activities (cost of testing). In addition, the authors also identified that there are six major components which affect decisions about incurring/paying a debt item: severity, existence of an alternative solution, urgency of the correction, effort to implement the correction, risk of the proposed correction, and the extent of the required test.
In another study, Codabux and Williams [4] conducted a survey to identify best practices with respect to TD management. They analyzed 28 teams working with Scrum. As results, they reported that: (i) developers considered their own TD taxonomy based on the type of work they performed and their personal understanding of the term; (ii) developers pay more attention to design and test debt; and (iii) having dedicated teams to eliminate debt items during sprints is a good initiative to reduce TD.
Holvitie et al. [8] conducted a survey with professionals from Finland and found that most participants were familiar with the term TD. The authors also pointed out that more than half of the interviewees realized that practices directly related to software implementation have a positive effect on TD and its management. Finally, it was also identified that the project stage most affected by TD is the implementation, and the main cause for the occurrence of TD is an inadequate definition of its architecture.
More recently, Ernst et al. [7] reported the results of a survey with software engineers and architects. The authors found that architectural decisions are the most important source of technical debt. Furthermore, while respondents believe the metaphor is itself important for communication, existing tools are not currently helpful in managing the details.
Finally, Spínola et al. [12] investigated the level of agreement of software professionals with phrases of effect ("TD Folklore") on TD. The results of this study indicated that TD is an important factor in software project management and not simply another term for "bad code". The replication process of this study, as well as the results obtained will be discussed in the sequence.
III. TD FOLKLORE SURVEY REPLICATION

A. TD Folklore Survey
The goal of the research conducted by Spínola et al. [12] was to evaluate a set of folklore statements about TD. For that, a survey was conducted with professionals in the area of software engineering. Its goal was to answer the research questions RQ1 and RQ2.
The survey contains statements about TD, collected on websites, blogs and published articles. This list has only statements based on personal opinions and experiences without any evaluation.
The survey was structured into two sets of questions. The first one aims to establish the level of knowledge of the interviewees about software development and TD. In the second one, the survey contains 14 sentences (see Table I ) and, for each of them, the authors asked the participants to indicate their level of agreement. The questionnaire used the 5-point Likert scale to indicate the level of agreement: "1: strongly disagree" to "5: strongly agree". In addition, participants had the option "I do not know". The survey was designed to be answered in about ten minutes.
To perform the data analysis, for RQ1 (agreement), the authors computed the median as indicator for central tendency. Thus, a median of 4 or 5 shows tendency towards agreement on a statement. On the opposite side, values of 1 and 2 indicate a tendency towards disagreement. For RQ2 (consensus), the authors calculated the spread in the distribution of responses for each statement by computing the inter quartile range (IQR). An interval size value of 1 indicates a low spread and high consensus. On the contrary, higher values show more spread and indicate less common opinion among participants.
B. Survey Replication
This section details how we evolved the initial design by adding RQ3, and how we planned and performed the replication of the study.
1) Procedure
To replicate the survey, it was not necessary to make any change in the original questionnaire. The main differences between the study and its replication rely on its:
• analysis methodology for RQ3 (discussed in Section III.B.3);
• population: differently from the original study that focused on practitioners, our replication has focused on both participants with experience and those with none prior experience on software development activities.
2) Data collection and subject characterization
We replicated the questionnaire in undergraduate and graduate software engineering classes with participants of differing expertise and background. Not all participants had experience with software development, however, theoretical concepts were presented in the software engineering discipline. Prior to the application of the questionnaire, the basic concepts of TD were presented to ensure that everyone knows the term. The concepts were carefully presented by the last author in order to do not affect the perception of the participants regarding the list of folklore statements.
In total, 70 participants (see Table II ) answered the replicated questionnaire and the average time to complete it was 15 minutes. The survey participants were also asked for their target degree and years of experience, as well as the roles they had taken in software projects. Almost half of them (36) do not have experience with software development. Among the other 34 participants that have some experience on software development activities, most of them were developers (29), followed by project managers (6) and requirements analyst (6). The mean time of experience for those who have software experience was 4.8 years (coincidently, the mean time of experience was the same considering both data sets). We can also see on Table II that most of participants (54) are undergraduate students, followed by master students (14) and PhD students (2).
Finally, by analyzing the whole population scenario (107 participants), we can notice that the most of participants have some experience as developer (58), followed by project managers (15) and requirements analyst (8) . We can also notice that we have approximately 2/3 of participants with (71) and 1/3 of them without (36) prior experience on software development.
3)
Analysis methodology The research questions RQ1 and RQ2 were analyzed considering the whole dataset, including the data collected in [12] . Besides, the same methodology (based on median for RQ1 and inter quartile range for RQ2) considered by [12] was applied. In order to address RQ3, initially, we divided the whole dataset into two subsets representing participants with (71 subjects) and without (36 subjects) experience on software development. Our approach was twofold.
First, we computed the median and IQR values for each statement of each subset. Then, we compared differences between median and IQR values for three subsets (all participants indistinctly, and more and less experienced participants). In other words, we observed if the agreement and consensus were similar for each subset. A significant difference on agreement and consensus between these subsets evidences that the experience impacts on the level of agreement for that statement.
Second, we statistically compared the Likert scale values filled in by the participants in different subsets (more and less experienced participants). We adopted the Shapiro-Wilk normality test. For all cases, the distribution was not normal. Due to this, we adopted the Mann-Whitney, a non-parametric alternative to t-test, with a 0.05 p-value, to statistically test our hypothesis. The null hypothesis (H0) is: for a specific TD Folklore, there is no difference of the Likert scale values between more and less experienced participants. Rejecting the null hypothesis (p-value<0.05) evidences that the experience impacts on the TD Folklore level of agreement.
We then considered the two evidences in our analysis: i) the differences on the agreement and consensus; and ii) the statistical Mann-Whitney p-value. When these outcomes presented some inconsistence, we graphically analyzed the distribution of the Likert scale values.
IV.
RESULTS AND DISCUSSION This study surveyed participants with and without software development experience to investigate: (i) what statements from a TD Folklore list the participants agree with; (ii) what is the consensus around the statements collected about TD, and; (iii) if the perception on TD is similar or different between participants with and without experience on software development.
A. Agreement with statements and Consensus
Results of both research questions RQ1 and RQ2 are presented and grouped in Table I by central agreement tendency and consensus. Initially, we can see that no single folklore statement was commonly strongly agreed with. This indicates that none of the folklore statements were considered to be universally true. On the other side, there was one folklore statement that was commonly strongly disagreed with (#14). This result (i) suggests that software engineers are aware that there might be unknown TD items in their projects, and (ii) supports the ongoing line of research into tools that analyze source code for unknown debt. In this replication, we can also notice that we did not have higher values for IRQ, all values were close to 1. Thus, in general, there was a low spread and high consensus among the participants for this statement.
Some statements (#2, #4, #6, #8, and #9) presented a median of 4, which indicates a tendency towards agreement and high to medium consensus. These results indicated that there is a common belief that TD is an important part of software management. On the other hand, the statement #10 received general disagreement and medium consensus. This result indicated that from the point of view of participants, the presence of TD items could bring some impact for system users. Finally, seven other statements (#1, #3, #5, #7, #11, #12, and #13) showed no tendency on either side of the scale. Table I . In this figure, the percentages represent the distribution of answers according to the Likert scale. We can see that there is an inclination of the graph to the right side, indicating agreement (agree or strongly agree) on the folklore statements. By observing this graph, we also can highlight some statements (#2, #4, #5, #6, and #8) that reached a widespread agreement (>60% of answers are strongly agree or agree). On the other side, the participants clearly disagreed (>60% of answers are strongly disagree or disagree) with statements #10 and #14. Finally, despite the median analysis did not indicate an agreement tendency regarding the statements #5 and #7, most of the participants agreed with them.
B. Do participants with and without software development experience have the same perception on TD concepts?
Results of RQ3 are presented in Table III by central agreement tendency and consensus grouped by the participants' experience, and the Mann-Whitney p-value (last column).
The light gray lines represent the cases where agreement and consensus for both experienced and no experienced participants are similar to the values considering all participants indistinctly, as presented in Table I . Moreover, for these cases, it was not possible to reject the null hypothesis (Mann-Whitney p-value>0.05). The results evidence that the agreement with the statements was not impacted by the participants' experience for the statements #1, #2, #3, #4, #6, #8, #9, #10, #13 and #14.
The dark gray lines represent the cases where agreement, consensus, and the Mann-Whitney p-value (<0.05) evidence that the agreement with the statements was impacted by the participants' experience. It occurred only for the statements #5 and #12.
For the statements #7 and #11, we found inconsistencies between agreement/consensus and the hypothesis test. In order to better understand these cases, we show the distribution of the participants' agreement with the statements in Fig. 2 . Statement #7 has similar distribution considering both group of participants. In opposition, is evident that values for statement #11 are higher for experienced than for no experienced participants. These results reinforce the Mann-Whitney p-value presented in Table III : the participants' experience impacts the agreement with the statement #11, and it does not impact the agreement with the statement #7.
Overall, we observed that the experience impacted only the results for three of the statements (#5, #7, #12). For us, this indicates that the experience does not have significant impact on the TD Folklore analysis. However, this also evidences that we should not to consider all TD Folklores in the same way. For example, observing TD Folklores #5, #7, #12, we conjecture that the experience might be impacted the results because concerns about customer pressure (#5), decisions about who will pay the debt off (#7) and if the debt should be avoided (#12) seem to be a reflex of the scenarios faced by development teams in their daily activities. We are planning investigate these aspects in the future.
V. THREATS TO VALIDITY
In this section, we discuss some threats to validity: External validity. The participants of this replication were graduate and undergraduate students. One aspect mitigates the threat: in total, most participants had some professional software development experience. As can be seen in Table II , there are 71 participants with some software development experience against 36 participants without software development experience. Despite this, the results might not generalize to a context in which developers have long years of experience (15 to 20 years, for instance). However, it is important to note that our findings are based on a comparison between two groups of participants that are clearly distinct regarding to the level of professional experience.
Internal validity. Another threat to the validity was the possibility of the presentation made on TD before the distribution of the questionnaire influence the responses of the participants. To deal with this threat, the TD concepts were carefully presented by one of the authors of this work.
Construct validity. Likert scales assume that participants can accurately map their answers to a question into one dimension (e.g., strongly agree or disagree). Since TD is a complex concept, this may not be realistic in some cases. The TD Folklore statements investigated in this work may not be 100% mutually exclusive and exhaustive.
VI. CONCLUDING REMARKS
In this paper, we presented the results of a replicated survey on TD folklore. We revisited the original work from Spínola et al. [12] by expanding the population (from 37 to 107 respondents) and reviewing the results concerning the agreement/disagreement tendency and consensus about each folklore item. Besides, we also investigated if experience with software development affects the perception of the participants about the considered statements.
Regarding agreement/disagreement tendency and consensus, our results reinforce the findings previously reported in [12] . Thus, the results provide some evidence and motivation for exploring the following issues in TD research: (i) impact of TD management on maintenance costs (#2, #8, #9), (ii) relationship between servicing the debt and team motivation (#4), (iii) relation between unintentional and intentional debt impact on software projects (#6), (iv) how the impact of debt items increases (or decreases) during software evolution (#9), (v) prediction or estimation models for TD impact (#8, #9), (vi) impact of paying TD items off on customers (#10), and (vii) development of strategies to identify unintentional TD items (#14). Finally, the results suggest that software development experience does not interfere in the perception on the TD concept for the most cases.
In our future research agenda, we intend to combine the evidence identified in this work with new theories and empirical studies developed by our research group. Specifically, we intend to investigate causes and impacts of TD on software projects.
